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*i302A20.Tr  ccbesis  c?  2t.ji.vlit  :*'■:•?.  ill  :  ^itivi.tig: 

/"Pollening  is  she  translation  of  an  article  cy  1.  ::. 
icishir..  Institute  of  Virology  insni  3.  I.  Ivan  oral:  C£S,  * 
Ai£U  vSSE,  Hcscor,  published  ir.  the  Huscian-len^u'i£0 
periodical  Vcprcsy  Virusolcgii,  lie  1,  13C8,  so  115-120.' 
It  res  submitted  on  13  Peb  1SS7._7 


She  task  of  obtaining  large  anour.ts  of  cellular  biomass  has 
recently  taken  on  primary  significance  in  connection  with.  the  in¬ 
tensive  introduction  of  the  tissue  culture  method  into  proctico 
in  a  vide  circle  of  biological  investigations,  The  root  effective 
nathod  for  the  production  of  ceil  cultures  la  the  method  ‘of  sus¬ 
pended  cultivation,  which  from  a  production  point  of  view  has  a 
number  of  essential  advantages  in  comparison  with  the  widely  used 
method  of  fixed  monolayer  cultivation. 

The  successful  mastering  of  the  method  of  suspended  cultivation 
of  cells  depends  on  a  number  of  faotors  among  wh'toh  an  important 
role  is  played  by  the  perfection  of  the  technical  guarantee  of  the 
method. 
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at  th*  Institute  of  Virology  laeni  I).  I.  Ivanovakogo  A1£H  USSR 
Srork  tea  carried  out  on  the  development  of  a  complex  of  equipment 
tuieh  is  required  for  mastering  of  the  suspended  cultivation  of 
colls  in  conformity  with  the  conditions  at  an  industrial  cultiva¬ 
tion  laboratory.  (  \  ^ 

An  analysis  of  the  significant  nsthodical,  technological,  and 
equipment  variants  for  solving  the  task  of  suspended  cultivation 
cakes  it  possible  to  divide  then  into  two  main  types  -  continuous 
systens  and  none  out 'uncus  •  .  Only  the  so-called  spinner  methods  of 
cultivation  are  being  thought  of  here.  The  greatest  practical 
interest  from  the  point  of  view  of  productive  capacity,  simplicity 
of  attendance,  end  sc  or.  cay  belongs  to  continuous  methods  of  culti¬ 
vation  usins  uninterrupted  or  fine-batch  input  of  nuurient  nadiua 
with  the  simultaneous  tahooff  of  the  s^n«  amount  of  suspension. 

In  recent  yours  abroad  a  considerable  nuhbsr  of  various  xodi- 
fisationa  of  continue  us  systems  have  been  suj -cased  /T7 .  In  the 
majority  of  cases  these  h-va  r.c  significant  diffcrtr.cos  in  the 
technology  cf  tie  cultivation  process  and  equipment  dosign. 

Th«  min  ..cslcicn  is  probably  cccuuioc  by  the  cytogencrator 
-.:hich  tjus  reposed  by  Graff  and  ucCsrty  in  1157  /%7.  This  ocouples 
r.r.  Intermediate  position  bocrecn.  continuous  and  noncontiruous 
r.ystoMC.  In  the  cytojcnorator  the  continuous  renewal  of  ruxtriont 
...odium  is  real  iced  -ith  the  use  of  porcur  ncsbranos  without  the 
e  or  res  sordini  continuous  sampling  of  the  cell  suspension. 
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dertiLoixa&nt  of  thd  c  niter*  are  ensured  by  the  use  of  nutrient  media 
with  a-limited  reserve  of  certain  viably  important  metabolites 
-otvfwW  restrains  **"^ ti p1 1  «»+*-< r,r>  of  the  cells*  Witb  tbs  addition 

ofjCrosh.  madias  and  the  siaaltaaeoas  runoff  of  suspension  its  oon- 
Gttn£n&i on, ^ -  'PVti e  improves  the  conditions  for  the 

development  of  the  culture*  In  system  of  the  2nd  type  the  density 
.  of  the  cell  suspension  is  used  as  the  regulating  factor.  She  con¬ 
tinuous  indication  of  the  dynamics  of  changes  in  the  density  of  the 
cell  population  scenes  it  possible  to  realise  the  automatic  regula¬ 
tion  of"  the  rate 'of  sap  flying  fresh  nutrient  medium  with  the  siaiul- 
tauaeoas  removal  of  the"  corresponding  amount  of  suspension* 

't^’-Sba  principle  of  the  “turbidoatat*  ia  the  most  promising  for 
thS'i'prodoctiaa  of  large  entities  of  cell  cultures  •  It  ensures 
the  nsrlsxm  steady  rate  of  Multiplication  with  the  irt^na  duration 
of  a  veneration  (based  on  the  data  of  Telling  at  al*  /Uoa  an  order 
of  ;  14-15  boors)  and  a  high  stable  density  of  cell  pollution, 
reaching-  2*5  x  10®  oells/ol* 

■  ■••.T-  •  -•  : 

up  the  problem  of  developing  equipment  for  the  sus¬ 
pended-cultivation  of  cells  the  problem  arises  of  selecting  the 
aaact  optimum  variation  far  realisation  of  the  system.  In  conformity 
with. -the  stipulations  of  the  Institute  of  Virology  Imnni  2.1. 
Ivanorskogo  JJGf  U33B,  and  also  of  a  number  of  other  related  lnsti- 
tufcesi  'it  1s  possible  to  f  emulate  the  basic  general  requirements 
^xioh.  should  be  imposed  on  t_e  system:  1)  universality  of  the 
srntrnm.  in  the  sense  of  the  feasibility  of  using  it  not  only  for 
Indrifcrlal  purposes  but  also  ia  experimental  work  by  virologists, 
ojtologista,  and  biochemists;  2)  reliability  in  operation  and 
simplicity  of  waintenanos;  3)  possibility  of  working  with  snail 
vouLukss  of  suspensions;  4J  ooesparetively  low  oost.  Considering 
these  conditions,  and  also  the  outlook  for  mastering  the  now  method 
without  preliminary  experience,  it  is  more  preferable  to  construct 
a  modal  of  a  system  for  suspended  cultivation  based  on  the  noocon- 
type,  which  completely  satifiss  the  requirements  which  were 

set. 

•  *  jt*  ^ 

Tbs  basic  schesm  of  tbs  unit  for  suspended  cultivation  is 
shewn  in  Figure  1. 

'  '<  -  * 

■  v*'\*iEhe  culture  vessels  (1)  with  floating  vane  magnetic  mixers 
are' set  up  on  an  industrially  produced  sagnetic  drive.  The  vessels 
teer  equipped  with  airtight  lids  with  connecting  pieces  for  the 


2. 


p 


irf  tuv  and  takeoff  of  the  air  .-ixtara  which  is  used  for  the  a_-racIo 
ci“  the  culture  and  a  sice  ror  fosdins  ireuh  nutrient  median  ir.tc 
tuc  vessel.  The  rxui:cr  of  revolutions  cf  the  noticing  na^r.et  and 
consequently  the  nuuhea  of  revolutions  or  the  floating  -utter  are 
regulated  by  an  autotransfermer  (7)*  She  sterile  recovery  cf  cell 
suspension  is  carried  out  with  the  help  of  stopcocks  which  arc  lo¬ 
cated  in  the  lor/er  part  of  the  vessels.  Fresh  nutrient  medium  is 
contained  in  vessel  (5)  and  whan  necessary  is  fee  to  the  culture 
vessels  with  the  help  of  stopcocks  (15).  Tubes  race  of  silicon 
rubber  serve  as  connecting  elements  setraen  vessel  (5)  and  the 
culture  vessels. 


The  aeration  system  contains  a  nicropunp  (4),  ensuring  the 
pumping  of  the  gaseous  mixture  through  the  culture  vessels,  a 
nixing  tank  (3)>  and  a  COg  analyxer  unit  (2).  The  required  con¬ 
centration  of  CC2  la  the  gaseous  mixture  which  is  circulating 
through  the  aeration  system  3m  controlled  iy  measuring  devices 
and  automatic  equipment.  If  the  COg  concoct  ration  deviates  to 
ena  side  cr  the  ether  from  the  assigned  value  either  air  fro-  & 
compressor  (11)  or  CC2  from  a  tank  (12)  is  automatically  fed  in. 
The  portion  of  the  required  component  of  the  gaseous  mixture  is 
fad  into  the  aeration  system  with  the  help  of  magnetic  waives 
(3  and  9). 

For  establishing  the  required  expenditure  of  CG«  a  nicrore- 
ducer  (id)  is  used.  It  is  connected  underneath  to  the  discharge* 
outlet  of  an  ordinary  reducer  for  carbon  dioxide  with 
pressuro  on  the  “low*  side  of  5  atm.  The  rate  of  COjj  supply  i* 
controlled  with  the  help  of  the  rhecaeter  (IS).  Air  sterility 
is  ensured  with  a  s  tcrilinatioa  filter  '10)  •  The  inclusion  of 
a  similar  filter  in  the  line  of  supply  of  CO^  turned  out  to  be 
unnecessary,  since  here  the  condition*;  of  sterility  are  ensured 
by  the  use  of  simple  cotton  filters  (19). 

The  culture  vessel  is  a  glass  cylinder  with  a  flat  bottom 
.which  is  made  frm  molybdenum  glass.  Welded  to  the  lower  part 
of  the  vessel  is  a  fitting  with  a  section  containing  the  tap  for 
recovery  of  cell  suspension.  A  very  important  element  of  the 
culture  vessel  is  the  system  for  the  oeU  suspension. 

T/e  designed  an  original  floating  vane  mixer1  which  is  kept 
in  rotation  by  a  standard  magnetic  drive.  It  has  no  rubbing 
mechanical  contacts  in  the  liquid,  does  not  require  airtight 
transfer  bearings*  performs  very  effective  mixing  thirst  to  the 
vanes,  and  has  a  high  degree  of  reliability  during  prolonged 
uninterrupted  operation. 

1./  1.  iT.  Mishin  and  others.  Inventor’s  certificate  " '  175059, 
dated  17  Apr  1965. 
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ZzSg&jT*-  Bain  Hoar  ibMt  of  a  unit  for  suspended  cultivation  of  colic . 
-T^-jjp^lturo  vessels;  2  -  COo  analyzer  unit;  3  -  nixing  tank;  1  -  ai- 
"cxcpac&;  5  -  twi«\  -with,  nitrlorrt  aaclus;  6  -  drive  for  magnetic 
jdxer;  7  -  sutctrarsiamer  far  regulating  tbo  number  of  revolutions 
^offtba  nixor;  8  -  nlw  for  supply  of  CO^;  9  -  valve  for  supply  of 
air;  10  -  air  etarllizctiaa  filter;  11  -  air  cooprossor;  12  -  tank 
with,  carbon  dioxide;  13  -  pressure  reducer;  14  -  nicravalre; 

13  -  zhe  caster;  16  -  stopcock  for  food  las  aadluc  to  culture  vessel a; 
T7  -  stopcock  for  air  bypass  of  analyzer  unit;  13  -  stopcock  for 
switching,  the  Xiao  of  COj  far  neasureoent;  19  -  air  filter; 

20'-  crass  connection;  21  -  X -connection. 

/"Translator * s  note:  Ha  terminology  used  for  3  as -  14  and  19  in 
the  text  end  In  tie  diagram  do  rot  conform^ 


The  schaaetlc  arrangement  of  the  mixer  and  itc  locctioo  in 
tie  culture  vassal  are  anoen  la  Fig.  1.  a  ferromagnetic  rod,  cor¬ 
rected  by  z  seagaotio  field  witz  tze  rotating  negnetic  drive,  iz 
lnclored  in  a  glrti  tube  which  ir  ueldea  to  tza  lower  pert  of  tea 
spherical  float.  -Jaldad  to  the  upper  part  of  tba  float  is  a  glass 
tuba-. bearing  the  -vanes.  He  tzoe  enas  in  s  leflon-liko  bearing 
with  a  reverse  cose,  with,  which  tze  mixer  rests  against  tza  conical 
Teflon-like  acres  ir  tza  lid  of  the  vessel. 

i 

'The  volume  of  tza  float  tad  tze  treigfat  of  tza  mixer  ara  calcu¬ 
lated  so  tort  the  curry  Irg  capacity  is  11-15  g  greater  tzan  the 
r  si  tractive  force  of  tea  ferranegzecic  red  to  tza  magnetic  drive. 
;The  working  distance  between  the  hat  too  of  the  vessel  and  tza 
ferxoa&gaetic  rod  is  3-6  cu 


J 
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The  minlama  working  volume  of 
liquid  is  United  by  the  level  at 
which  she  float  is  still  completely 
submerged  in.  the  liquid*  The  turn 
of  the  blades  should  be  such  that 
caring  rotation  the  reaction  of 
pressure  of  the  liquid  on  the  vanes 
is  directed  upwards  in  order  to 
avoid  the  separation  of  the  sixer 
from  die  tearing  at  a  sufficiently 
high  number  of  revolutions*  She 
use  of  Teflon-like  conical  bearings 
ensures  rdn'rrua  XT'  'on  and  a 
very  high  degree  of  .  ur-resistance* 

During  operation  of-  the  mixers 
for  several  thousand  hours  at  rota¬ 
tion  rates  of  120-IS0  rpn  no  visible 
traces  of  wear  rare  detected.  The 
Travlvr.r"  number  of  revolutions  at 
which  the  work  of  the  mixer  remains 
stable  is  4CO-4SO  rteu 


2.  Culture  vessel  with  Figure  £  shews  the  oultur® 

floating  mixer,  a  over,  and  vessel  in  an  assembled  farm.  A 

stopcock  for  rue  off  of  dosed  type  circulation  system  la 

coll  suspension*  used  for  aeration.  It  ensures  the 

continuous  and  protracted  floe  at 
c  mixture  of  air  with  carbon  dioxide  through  the  culture  vessel 
ovor  the  surface  of  the  liquid.*  Sere  the  COg  plays  the  role  of 
irtabilisor  and  pE  regulator  fee  the  nediunu  rfhen  using  nutrient 
n.'iit  which  contain  sodium  bicarbonate  a  bufTar  system  Is  formed 
which  ensures  the  possibility  of  varying  the  p&  by  change u  in  the 
concentration  of  CO©  in  the  gaseous  phase*  Other  buffer  systems 
can  be  used  for  stabilisation  of  the  p5,  however  apparently  the 
eye  ten  COg^EeacOj  is  prof  arable  einoe  It  not  only  ensures  the  * 
possibility  of  the  convenient  regulation  of  pE  but  also  establishes 
the  continuous  entry  of  COg,  which  is  very  important  for  the 
r.o’vriahacnt  of  cells  /S7»  * 

*ha  use  of  e  closed  system  is  expedient  from  the  point  of  view 
cr  economy  in  the  expenditure  of  C0„  and  also  the  convenience  of 
c.;anging  its  concentration  in  the  gaseous  flow  in  coc&aiisoa  with 
systems  which  use  prepared  gaseous  mixtures  fer  aoration. 


A  gas  ana-yscr  hna  boen  dovolopcu  for  ths  continuous  nousure- 
-*nt  of  th*  percentage  of  COg  in  the  gaseous  flow.  As  a  sensitive 
clcssrt  is  has  a  bridge  therfeococdrctcoetric  pickup.  The  preliai- 
r.-.ry  establishment  of  the  required  concentration  of  CC_  is  carried 
cue  with  the  help  of  a  regulator  equipped  with  a  scale^which  ia 
c.rcductod  in  freotians  of  percent  of  COg  from  1  up  tr-.-lo  for 
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^each^O *2£.  A  relay  systan  autocratically  recuc«z  rh*  corvcectruticn 


lnsres.se 


g^^T2!fce  analyzer  cor  talas  a  tine  relay  -Hci:  aimer  urifom  Inter- 
tarns  oahhe  circuit  controlling  the  relay  executors.  The 
-^intervals  'between  two  switching-oas  and  also  the  zueunt  of  tire  lor 
'supplying  the  required  gaseous  cocpcner.t  can  be  varied  within  wide 
granges.  Figure.  5  shows  the  basic  circuit  lor  tho  csasuri&s  unit 
v^;th^-acslyzer. 

bridge  pickup  is  connected  with  the  incut  of  the  ntpLifier 
f^and  with  the  stabilized  power  supply  of  the  bridge  by  aeons  of  plug 
^connector  Qxl.  She  two  groups  of  resistances  120 — *29  ““  H50 — 3SS 
-..-Me  Calibrated  shunts  to  aae  of  the  arcs  of  the  bridge  with  ten 
thbelp  .of  wtiolch  the  required  percentage  of  C02  is  established.  The 
■'.resistances  S^q  and  S41  serve  far  tho  initial  establishment  of 
T^xero  balance  for  the  bridge  when  there  is  no  COg  in  the  air  being 

S‘”a3*?4-  , 

^  ~  '  The  signal  for  bridge  unbalance^  corresponding  to  the  difference 


p5  tin  detector. 

*  ?  v  '* 

'.7*  .  The  load  far  tbs  detector  include*  the  winding  cf  e  polarised 
T?  'relay  xype'aF-5,  the  contacts  of  which  during  operation  clcse  the 
• -.power  supply  circuit  of  the  relay  executors  In  the  aotanit_on 
i  eqaipaetxt. 

■V^  .  _  . 

’  The  ope  rati  anal  voltage  of  the  polarized  relay  is  1  V,  which 
correspond*  to  tbe  signal  of  bridge  unbalance  caused  by  a 
;,;  in  the  concentration  of  C Os  by  0.1*.  Power  supply  for  the  picjcu? 

-  bridge  is  carried  out  free  a  stabilizer ,  assembled  on  semiconductor 
4tr^ndei  F?o — ??.,  the  stahilixation  coefficient  of  which  is  no  less 
.  than.  5000.  6 

.P.  .  - 

>V  ■  measuring  device  IIS  indicates  the  degree  of  unbalanco  of 

th*  unit,  end  device  IP2  -  tae  supply  of  current  icr  the  pickup. 

Tbe  asasurirg  unit  is  connected  with  the  automation  unit  sal  the 
.'j^'pewer  supply  unit  dhlch  Is  strccturaHy  united  with  it  with  tho 
Vf-help  of  ping  connector  Gr6.  The  basic  circuit  for  the  automation 
.  “sad  poser  supply  unit  is  presented  In  Fir  re  4. 

•  The  cariodio  switching  on  of  the  relay  executors  is  realized 
with  the  help  of  a  time  relay  which  is  accomplished  on  thyratroas 
with  a  cold  cathode  type  JffIh-90  (LgLj).  Zbe  Interval  between  2 
1  switchinff-ans  Is  determined  by  the  tins  constant  of  the  grid  cir- 
'  cult  L3  -is »  C6).  Vsx^wnn  value  of  the  interval  is  5  cinutes. 
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aslc  circuit  for  the  assuring  unit  of  the  CO2  anriyxer • 
rhero  to;  b  -  oaas;  c  -  ground  1;  d  -  signal;  «  -  contacts 
oaiT  designations  transliterated  arc  those  aeatioaed  is 
Cac  rasailadar  hive  been  left  in  the  Cyrillic* 


p 


in  -rid  Lo- 


3jered,  srritohins 
plus  or  the 
same  t— is  a 
r  c&psclsor 


The  tire  constant  cf  irid  circuit  lc  (?.,  ?o~ ,  C- )  de  to  mines 

the  hurting  tire  or  Ljj  and  ccrrc-ep0r.dir.3ly  the  tire  or  opera t lor 
of  the  relay  era  cut  or  a.  This  cur.  vary  ii-cr  1  to  -1  accords.  Fal¬ 
lowing  the  firing  of  thyretron  10  the  relay  r2  operates,  opening 
the  circuit  cf  erode  per  an  suppl?  Lj,  as  a  result  cf  vhioh"  the 
circuit  is  restored  to  its  initial  cordial on  and  the  process  of 
buildup  on  C6  be  sirs  again. 

The  rainus  of  the  pewor  supply  source  is  supplied  on  relays 
?4  ted  ?5  through  tho  contacts  0*  polarized  relay  SP-S.  Depending 
on  the  polarity  or  the  signal  of  pickup  unbalance,  rhioh  is  deter- 
nined  by  the  excess  or  deficiency  cf  C02  in  the  gaseous  nurture 
relative  to  the  established  value,  the  contacts  of  h?-5  close  the 
circuit  of  the  winding  either  of  relay  with  contacts  2-5  or 
relay  ?g  with  contaota  2-1.  Is  a  result 'cf  this,  during  the  opera¬ 
tion  of  the  tine  relay  the  poser  supply  circuit  is  completely  closed 
only  for  one  of  the  relay  executors. 

During  operation  relay  ?,  switches  on  the  asgnetic  valve  which 
supplies  C0„  to  the  aeration  sycten.  delay  ?5  switches  on  the  c  om- 
pressor  which  su polios  the  portion  of  sterilised  air.  If  at  the 
cement  of  operation  of  the  tine  relay  the  deviation  in  the  percen¬ 
tage  of  CGg  from  noEinal  is  less  than  0.1Ji  tha  contacts  of  the 
polarised  relay  rcn&ia  open  and  the  relay  executors  do  not  operate* 

The  possibility  is  also  provided  for  the  rawaal  switching  on 
of  the  supply  of  CO*  and  air  with,  tho  help  cf  buttons  X»  and  Ko. 

This  is  necessary  during  the  initial  setting  up  of  the  required 
concentration  of  COg  and  also  if  there  is  ths  necessity  of  blowing 
out  the  air  system.  All  the  elements  of  the  system  which  are  nec¬ 
essary  in  thermostatic  control  are  disposed  in  a  standard  thermostat. 

On  the  first  working  model  of  the  system  for  s'.ispendod  culti¬ 
vation  a  prolonged  check  was  nado  of  the  quality  and  functional 
capabilities  of  tho  equipment.  It  war  established  that  the  equip¬ 
ment  can  operate  continuously  for  a  number  of  months,  ensuring  the 
prolonged  maintenance  of  the  required  conditions  for  cultivation* 

Initial  documentation  for  the  equipment  was  transmitted  to  the 
design  br~ cau  of  uSS?.  Academy  of  he  ileal  Sciences  foe*  design  pro¬ 
cessing  and  production  of  a  test  consignment. 

The  author  would  like  to  express  his  deep  tha ~>v«  tc  Professor 
7.  E.  Zhdanov  for  his  scientific  guidance  in  carrying  out  this  work, 
to  Doctor  of  ladioal  Sciences  V,  I.  Gavrilov  far  help  in  working 
out  the  biological-engineering  requirements  far  the  system,  and  to 
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graduate  student  A.  S.  Acvokbatskiy,  and  to 
B.  G.  Zniyevaya  Tor  active  participation  in 
cal  experiment  ruth.  th>  equipment  being  tee¬ 
the  biological  experiment  peri; mad  or.  the  ; 
linked  separately) . 


Sender  Laboratory  Acsis 
carrying  out  the  biolog* - 
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